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© ©olid orizyme preparation and proeeas for produoing the same. 

0 A solid enzyme preparation comprising an enzyme and a disaccharide and a process for the production of a 
solid enzyme preparation in which sn aqueoos emycn^ solution containing a ctissecharide is sotldiliad by means 
Of Spray drying are disclosed. The soUd snzyme preparation has excellent themsl stability and is not 
deactivated by heat treatment even after a prolonged period oi Ireaiirsg time. The solid enzyme preparation also 
has excellent resistance to mechanical pressure. !n addition, according to the present. invention, enzymes are 
hardly deactivated during spray drying treatment, thereby a solid enzyme preparation of high spscitic activity 
can loe produced. 
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FIELD OF THE INVENTION 

This invenJion relates lo a solid enzyme preparation and a process lof producing the same. 
BACKGROUND OF THE INVENTION 

Recency, enzymes have been used not only in pharmaceutical preparations and food articles but also 
in vsttous Other industrial fields such as of libers, leathers, deiergents ar>d the like, in general, enzymes 
have a disadvantage in that they are apt to receive deactivation due to heat-induced structural changes or, 
in the case of proteolytic emymes. due to decomposition by themselves, it is therefore desirable to 
distribute and use enzyme preparations in the form of solid preparations such as powders, granules and the 
like lather than liquid Iwms. 

Such solid enzyme preparations are conventionally produced by tneans of freeze-drying or spray 
drying.. Since ireaze-drying process is unsuitable lor the purpose of a large scale production, spray drying 
is being used as the most fitted process for the industrial mess production of solid enzyme preparations. 
Especially, >n the case of solid enzyme preparations to be used in detergents, spray drying process is most 
Irequently used t>ecause the preparations are required to be produced in the form of granules in view of 
stability of the preparation and safety for workers and users on inhalation of the preparation. 

Whftn B soBd enpyme preparation Is manufactured in spray drying process, an enzyme solution is 
generally exposed lo a high temperature of 50'C or more, thus the acfivity of the resulting solid enzyme 
preparation decreases. In order to improve stability of enzyme p.'eparasions under such a high temperature, 
a process in winich sorbitol is used was proposed in U.S. Patent 3,51S,S42. However, this process merely 
attains to provide solid enzyme preparations stably at a temperature of 40 "C at most. Thus, any 
satisfactory processes by which a solid enzyme preparation is provided staliHy even under a spray drying 
condition of al a temperalure of 50 or more haw not been proposed. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the (wesent invention to provide a solid enzyme preparation having high 
thermal stability and a process for producing a solid enzyme preparation using spray drying wittioul causing 
decrease in the enzyme activity. 

Tli9 present inventors have conducted intensive studies with the aim of attaining the above object and 
found that an aqueous enzyme solution hardly cause decrease in an enzyme activity during usual spray 
drying IreaUneat vfhen o disacchftrldo is preaenl in the oqueous solution, and that iho resulting solid 
enzyme preparation containing the disacchw^ide is excellent in thermal sfc^lity. 

Accordingly, the present invention provides a solid enzyme preparation comprising an enzyme and a 
disaccftaride. 

The present Invention also provides a process for producing a solid enzyme preparation which 
comprises solidifying an aqueous enzyme solution corttaining a disaccharide by sp-ay drying. 
Other objects and advantages vfill be made apparent as the descripBon progresses. 

DETAILED DESCRIPTION OF THE INVENTION 

Although the disaccharide to be used in the present iovention is not particularly limited, it includes, tor 
example, a maltose type disaccharide, a trehalose type disaccharide and a m'laure thereof. Examples of the 
maltose type disaccharide include maltose, cellobiose. gentiobiose, noiibiose, iactose. turanose, sophorose 
and the liKe; and examples of the trehalose type disaccharide include trahaiose, isotrehalDse, sucrose, 
isosucrose and the like. Among them, the maltose type disaccharide is preferred and iactose is more 
preferred. 

Although wi amount of the disaccharide to be included In a solid enzyme preparation may vary 
depending on the type of the enzyme used, it is preferably from 1 to 100 % by virelght, more preferably 
from 1 0 to 100 % by weight, based on the weight of the enzyme. 

Although an enzyme to be used in the present invention is not particularly limited, it includes, for 
example, a lipase, a celSulase, a protease, an amylase, an esterases, an dextranase and the like. These 
enzymes are used eifter atone or a combination of two or more of them. Among these enzymes, ceilulases 
orici protcaaos are prclerrod. with en aikalirte protease K-lB being most particularly preferred. 

The alkaline protease K-16 is an enzyme produced by Bacilius sp. KSfifl-K16 (Fermentation Research 
inslilute Depositiof) Number PERM P-n418. tnternstionsl Deposilion Number FERM BP-3376 under the 
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Budapest Treaty; deposited in Ferrrientatior! Research institute. Agency of industrial Science Technology, 
Japan, whose iuN address of 1-3. Higashi l-cht>me, Tsukuba-shi. Ibaraki 305 Japan), Bacteriological 
properties of the strain KSM-16 are as follows. Bacteriological pfoperfles; 

6 (A) Morphological characteristics; 

(ai Shape and sfee of ceiis: rod of 0.8-1.0 um x 2.2-25 um; 
{t>} Pleomorphicity; negative; 
(c) Motility: motile and have perltrlchous flagella; 
70 m Spore (size, shape and location); 1-0-1.2 um x 1,4-2.2 um, oval shaped, subtwminal, slightly swollen 

sporangia; 

(e) Oram stain: poaiive; 
m Acid tast: negative: 

(g) Colonies grown on bouilion agar plate medium: circular, leafy, smooth surface, pale yellow and 
15 translucent; 

(h) Colonies grown cm boulHoh agar slant medium: irregular leafy, slightly rough smooth surface, pale 
yeiiow and translucent; 

(i) Bouillon broth culture; good growlh, turbid, no pellicle formation; 
(j) Boulllon-goiatin stab culture: good growrth, no gelaliii liquefaction: 

20 <k) Litmus milk; peptonkaBon without coagulation of milk, no changes in litmus color: 

(B) Physiological characteristics: 

(a) Nitrate reduction; positive; 
iS (b) Denitrification: negative; 

(c) MR test; negative: 

(d) VP lest: positive; 

(e) Formation of indoie: negative; 

(f) Formatiori of fiydrogen sulfide: negative; 
30 (g) Hydrolysis of starch: positive: 

{h> Utilization of citric acid: posifive; 

(i) Utilization of inorganic nitrogen source: utilizes rtNrates but not ammoniurji salts; 

0) Fomiation of jiagments: negative; 

(k) Urease test; negative; 
3S (I) Oxidase test: positive; 

(m) Catalase test; positive; 

(n) Temperature for growth: not more than 55* C; 

(o) pH tor growth; pH 6.6-10.3; 

(p) Relation to oxygen; aerobic; 
JO (q) OF test: oxidation type (0 type); 

(r) Resistance io sodiuntj chlorida: grows in ths presence of 10% sodium ehlorldo; 

(s) Formation of acid and gas from sugars: shown in Table 1; 
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Sugsrs 


Acid formation 


D-ritiose 


+ 






D-xykis© 




D*lruclos0 




0-g!ucose 


+ 


D-niannQ$6 




O-gaiactose 

Mailose 


+ 


Sucrose 




Lactose 




Trehalose 




Starch 




Sorbitol 




inoHtol 
Mar^nliol 




Glyceroi 




Dextrin 




RalHrtosB 




(No gas formation from tested sugarsj 



The alkaline protease K-16 can be produced by cuituring the strain KSIvl-i6 in accordance, for example, 
with Ihe Reference Example which will be described later, and isolating the enzyme from- the resulting 
culture broth. . , ^ , 

Although not particularly limited, an amount ol enzy-oies in tne solid enzyme preparation of the present 
invention may preferably be in the range of from O.Oi to 20 % by weight based on the total weight of the 
preparation. 

H necessary, ttie solid eniym© [reparation of the present invention may be mixed with a diluent (an 
extending agent, a filler and the IBce), a drying promotor, a buffer and the like, in order to maintain specific 
activity of the preparation at a constant level. As tne orylng promotor. calcium chloride, sodium sulfate a>d 
the like may be used. As to the extending agent or filler, a sulfate, a halide, a carbonate, a phosphate, a 
silicate, boric acid and a borate may be used. Specific examples of these salts include: sulfates such as 
sodium sulfate, potassium sulfate, calcium sulfate, magnesium suHate. zinc sulfate, ferrous sulfate, sodium 
thiosuMate and aluminum suHate; halides such as sodium chloride, potassium chloride, calcium chtonda, 
magnesium chloride and potassium bromide: carbonates such as sodium carbonate, sodium hydrogencar- 
borate, potassium carbonate, calcium carbonate and magnesium cartcnate; |*osphates such as sodium 
pnospnate, sodium tiydrogenphosphale, sodium dihydrogeophosphale. potassium phosphate, potassium 
hydrogenphosphate. potassium dihydrogei^pho^hate and sodium pyrophosphate; silicates such as sodium 
silicate sodium metasiiicate, potassium silicate and calcium sllioatB: and borta acid and Its salt such as 
borax and potassium borate. These additives may be used atone or as a mixture of two or more of them. In 
1 addition to these additives, a coloring agent, a stabilizer and the like generally used in the field of 
granulation or enzyme preparation may also be used, as well as a perfume, deodorant, an antistatic agent 
and the like. 

Thft solid enyyme prBparation of fhe present invention may be produced, for example, by solidifying an 
aqueous enzyme solution containing a disaccharide by means of spray drying in Ihe usual way. In this 
) instance, it is preferred that all cofT>ponents to be contained in Vns solid enzyme tyeparation are added to 
the aqueous enzyme solution containing the disacdiaride. 

In the practice of the process of the present invention, the afofementioned aqueous enzyme solution 
may be dried in the usual way using a spray dryer. Spray drye-s are generally divided into a nozzle type 
and a disk type. These types may be selected according to the desired particle si^e ol the soiid enzyme 
i preparation, That is, the nozzle type is preferable for the production ol small particle size preparations, wmle 
the disk type is preferable for the production of large particle size preparations, in tms way, any of powder, 
line particle and granular preparation can be obtained. 

Hot air drying may be carried out at a temperature of preferably from 100 to 200 'C. more preferably 
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from 130 to 170' C, with an exteusi air temperalure (v/hich corresponds to the temperature of the aqueous 
enzyme solution) preJerably being in the range of from 50 to 100" C, mo-e preferably from 60 !o lOO" C. 

According to the present invention, the enzyme is hardly deactivated during spray drying treatment and. 
tliereby, a solid enzyme prepafstion having high spescific activity can be obtained. In addition, the solid 
s enzyme preparation obtained in the process of the present invention nas excellent thermal stability and It is 
not deactivated by heat treatment even alter a prolonged period of tresting time. The soBd enzyme 
preparation of the present invention is also exoeitefi' i;^ resistance to mechanical pressure. 

Examples of the present invention are given below by way of tilustraiion and not by way of limitatiOT, 
Unless otherwise Indicated, al! percents except lor activities of enzymes, are by weight- 



REFERENTIAL EXAMPLE 1 



Isolation of protease-producing bacteria: 

(1) About 1 g of soil sample was suspended in 10 m! of a sterilized physiological saline and the 
suspension was heat-treated at 80*C lor 20 minutes. After the heat treatment, a 0.1 ml portion of the 
resulting supernatant was inoculated on a keratin halo agar medium and subiected to static cuHuring at 
30* C for 48 hours. CcHmposltlon of the keratin halo agar medium is as follows. 



Glucose 


1% 


Yeast extracts 


0.2% 


Animal hair keratin 


1% 


Carboxymethyi ctilulose 


1% 


KHjPCU 


0.1% 


M9S0r7Hj0 


0.02% 




1.5% 



(2) The final pH of the above medium composition was adjusted to 10.5 by adding 1 % of a sepa-ately 
JO sterilized iO % sodium carbonate solution, and the resulting medium was sdidified in plates. 

After the static culturing, cotonies shovKing a halo (dear zone) around them v/ere isoiaied and 
cultured again two to three times using the plate medium of the same composition to oblEwn purified 
protease-producing strains. 

(3} The thus otrtainea strains were InoculatetJ Into a liquid medium having the following composition. 



Glucose 


2.0% 


Polypeptone S 


1 .0% 


Yeast extracts ■ 


0,05% 


KH.-PO4 


0.1% 


MgSOi*7HjO 


0.02% 


Sodium caitonate (separate sterilization) 


1.0% 


pH 


10.5 



,•5 After cuHuring aerobicafly at 30 *C for 46 hours on a shaker, the resulting culture broth vi^as 

centrifuged at 3,000 rpm for 10 minutes to remove cells, and the resulting culture supernatant was used 
as an enzyme solution. 

(+) Crude enzyme samples were prepared from the resulting enzyme solutions by means of freeze- 
drying and then examined tor their storage stabilities at 40 "C in a commerdaliy available liquid 
so detergent 

As the results. Bacillus sp. KSM-Kie was obtained as a strain capable of producing a protease 
having the highest stability. 

REFERENTIAL EXAMPLE 2 

56 

Culturing of cells and purification of Aiicaiine Protease K-i6 

(1) The alkalophilic bacterium, Baallus sp. KSM-K16, obtained in Referenlial Example 1 was inoculated 
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mo (fie following (jqoiij medfom (3.0 litersj sad cwftured aerobicaSy at 30 'C for 46 hours on a shafcer to 
produce the alkaline protease K-IB. 



QlugosB 


Z-0% 


Fish meat exirgcts 


1.0% 


So/bean powder 


1.0% 


MgSOc 


0.02% 


KH2PO* 


0.1% 


pH 


10,0 



(2) Alter the culluring, 3 liters ol the thus curtained culture broth was centrifuged at 1 0.000 rpm tor 5 
minutes to remove cells, and the resulting culture supernatant fas Ueeze-drmd. A 2 g portion 0} the 
freeze-dried powder was dissoSved in 10 ml of ion exchanged waJer to obtain a crude enzyme solution. 
IS The solution was dialyzed overnioht against a 10 mM Tris-HCI buffer (supplemented with 2 mM Ca'', pH 
7.5i using a diatysis membrane to obtain 26 ml of a diaiyzed solution (activity: 3.16 P.U.?mt; specific 
activity: 1.97 P.U.-mg protein). Next, the thus dialyzeid solution was applied to a column packed with CM- 
52 oeilulose which has been equilibrated with a 10 mM Tris-HCl buffer (supplemented with 2 mM d'", 
pH 7.S), Aftor washing thm coiumn with the some buffer, the oikaline protoMo K-16 was eluted with the 
?o same buffer containing 0 to 0.15 M sodium ctiioride and active fractions were pooled. The thus pooled 
fraction (15 ml) showed an activity erf 1.12 P.U..ml and a specific activity ol 5.75 P.U..'mg protein. The 
pooled sample was dialyied ovemigtrt against 50 mM Tris-HCl bufter (supplemented with 10 mt*i Ca^' 
ana D.2 fJi sodium chloride, pH 8.0). concentrated by ultrafiltration (cut off-molecular weight of ultrafil- 
tration membrane: 5,000; mat^ufactured by Amicon Corp.) and then applied to gel filtration chromatog- 
?s raphy using Sephadex G-50 (trade marl<. manutactured by Pharmacia inc.) which has been equilibrated 
with 50 mM Tris-HCl buffer (supplemented with 10 mM Ca^' and 0.2 M sodium chloride, pK 8.0). E/ufe'on 
was carried out using the same buffer to pool 1i,5 ml ol active fractions having an activity of 0.9 P.U-'mt 
and a specific activity of 6.03 P.U..Tng protein. Thereafter, the thus pooled sample was dialyzed overnight 
against ion'sxchange treated water to obtain a solution having an activity of 0.56 P-U^inl and a specific 
ao activity of 6.60 P.U.fng protein. 

The thus purified alkaline protease K-16 has the following enzymatic properties. In !his instance, 
enzyme activity was measured in the following manner. 

A 1 ml portion of 60 mM boric acVd-NaOH buffer (pH 10) containing 1% casein was mixed with 0.1 ml 
of enzyme solution, ano the mixture v/as incubated ai wt; tor 10 ininutes. The reaction was stopped by 
35 adding 2 ml of a solution containing 0.123 M trichloroacetic acid, 0.24B M sodium acetate and 0.369 tA 
acetic acid. After allowing to stand at 30* C for 20 minutes, the resulting mixture was filtered through a filter 
paper (manufactured by Whatman; No. 2), and ttie filtrate was checl(ed for its contents of proteolytic 
products in accordance with the modified Folin-Lowry method. One unit of activity (i P.U.) was defined as 
the amount of enzyme which produces 1 mmole of tyrosine per minute. 



This enzyme reacts with various protein substrates under higltly alkaline concStions. 

■«5 (2) Suosirste specificity: 

Substrate specificity oi the alkaline protease K-16 was examined by measuring its activity to hydroiyze 
casein, ures modified hemoglobin, animal hair keratin and elasfin, and the results were compared witfj those 
of other proteases on the market. Each subsKate was dissolved in 60 mM boric acid-NaOH buffer (pH 10,0) 
50 to a final concentration of I'i (provided that in the cese of urea modified hemoglobin was to 2.2%). Each 
enzyme solution (in the case of elastin: 3.5 x 10~' P.O.; in the cases ol other substrstes; O.S x 1O"' P-tJ ) 
was added to the thus prepared substrate solution and jncubaleO at tO'C for 10 minutes. Relative activitios 
of these enzymes to hydroiyze eacit substrate when the activity of the alkaline protease K-16 is regarded as 
100 are shown in T^fe 2, 
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TABLE 2 



Enzymes 


Substraies 


Casein 


Urea moainea Hemoglobin 


Animal Mair Keralln 






100 


100 


100 


100 


Commercial Enzyme A 


100 


108 


100 


77 


Commercial Enzyme B 


100 


100 


103 


76 



As is evident from ihe results, the alkaline protease K-i6 hydrotyzes both water soluble and water 
Insolublo proteinous moteriala. especially ©lastin, when compared with «ie eomm»rcl»l proteases A and B 
which are known as typical enzymes for detergertt ose. 

75 (3) Optimum pH; 

Each oJ various buffer solutions (50 mM) containing casein at a final concentration of 0.91% was mixed 
with 5.2 x 10"^ P.U. of the alkaline prtrtease K-ie. and the mixture was incubated at 40'C for 10 minutes to 
maasure i<s [vnfaaae iactlvity. As She results, the optimum pH ot the alkaline protease K-16 was found to lie 
20 1 1 ,0 - 1 2.3. Buffers used in this experiment and their pH ranges are as follows. 



Acetate buffer 


pH 


3.9- 


5.7 


Phosphate ttuffer 


pH 


6.6- 


8.3 


Carbonate buffer 


pH 


9.2- 


10.9 


Phosphate-NaOH buffer 


pH 


10.9 


-12.7 


KCi-NaOH buff«r 


pH 


10.9 


. 12,6 



30 (4) pH Stability; 

Each of the just described five buffers (20 mM) was mixed with 7.9 x 10"^ P.U. of the alkaline protease 
K-16, and the mixture was maintained at 25* C tor 48 hours. Thereafter, the thus treated soiution was 
dimied imih 50 mM boric bcIU-NbOH buffer (pH 10,0) by a factor of 40 to mooauro rosidual activity. As the 
35 results, stjrtjie pH range of the alkaline protease K-16 was found to be pH 5.5 to 12.0 in the absence of 
Ca**, while the range was 5.0 to 12.0 in the presence of 2 mM Ca*'. 

(5) Optimum temperature: 

■to A 50 mM boric acid-NsOH buffer (pH 10,0) containing 0.91% of casein as a substrate was mixed with 
3.1 X 10~^ P.U. of th* alkaline proteaee K.16, and the mixture was incubated for 10 minutes at a 
predetermined temperature. In this manner, relative activity at each reaction temperature was calculated 
based on tiie activity at 40" C as 100%. As the results, the opBrnum tenriperature of the sakaline protease K- 
16 was found to be 65' C in the ^sence of Ca** or 70 ' C in the presence of 5 mM Ca^*. 

(6) Thermal stability: 

A 1.6 X 10~* P.U. portion of the alkaline protease K-16 was dissolved in 20 mM boric acici-NaOH buffer 
9.5). and the solution was treated for 10 minutes at a predetermined ten^rature. After cooling in an ice 
so bath, the thus heat-treated sample was diluted with 50 mM boric acid-NaOH buffer <pH lO.O) by a factor of 
5. Thweafter remained actimty ir> the sample was measured using 0.91 % casein as a substrate. In this 
manner, relative activity at each treating temperature was calculated based on the activity before the 
treatment as i00°i. Under the above heat-treating conditions, 90% or more activity was maintained up to 
50' C in the absence of Ca^* and to 60 " C in the presence of 5 mlW Ca**. 

(7) Molecular weight; 

Molecular weight of the alkaline protease K-16 was determined to be 28,000 t 1.000 from sodium 
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1 

dotfecyl suHete {SDS)-polyacrylfimicJe gel electrophoresis. As moieCular woighi markore, a marker kit for low 

molecular weight use (Bio-Rad Laboratories, Inc.) was u$ecS which contained ptiosphorylase b (molecuiar 
weight, 97.4001, bovine serum albumin (molecular weight. 66.200), ovalbumin (molecular weight, 42,700(, 
carbonic; anhytirase (molecular weight, 31,000). soybean trypsin inhibitor (molecular weight, 21.S00) end 

s lysozyme imoSeculsr w&ight, 14,400). 

(8) Isoelectric point: 

Isoelectric point ol the alkaline protease K-16 was tound to be 10.5 or higher when examined by means | 
JO of isoelectric focusing using Serveiite 9-1 1 as amphoteric earner for column use. j 

(9) Efiects of metal ions; 

Effects ol various metal ions on the activity oi the aikaiine protease K-i6 were examined. A 20 mM 
!5 boric acid-NaOH buffer (pH 9.5) solution containing • mM of a meia! salt was mixed with 3.9 x 10"^ P.U. oS 
the alkaline protease K-16, and the mixture was maintained al 30"C for 20 minutes. Thereafter, the thus 
treated mixture was diluted with 50 mM boric acid-NaOH buffer (pH 10,0) by a factor of 5 to measure 
residual activity which was then calculated as relative value based on the activity measured in the same 
msr>r»er in the absence of meisi sahs. As ibown in Table 3. the activity (tf the alkaline protease K-16 is 
K inhibited by Hg^' and Cu'*. Also, as Is evident from the results described in the foregoing items (51 and (6), 
Ihemial stability of this et^zyme is improved in the presence of Ca^* 

TABLE 3 



t^etal salt (1 mM) 


Residual Activity (%) 


No addition 


100 


ZnCis 


106 


AgNOj 


BS 


CaClj 


103 


NiCI; 


103 


CoCb 


103 


PbClz 


100 


HgCli 


46 


CuSO* 


73 



(10) effects of intiftjilors: 

Effects of generally used enzyme inhibitors on the activity of the alkaline protease K-i6 were examined. 
A 10 mM phosphate buffer (pH 7.0) solution containing a predetermirwd amount of each of the inhibitors 
was mixed with 7.9 x 10~' P.U. of the alkaline protease K-16, and the mixture was maintained at 30'C for 
20 minutes. Thereafter, the thus treated mixture was diluted with ion exchanged water by a factor of 20 to 
meaeure reeidual activity which was then calculated as relative value based on the activity measured in the 
sewne rnanner in the absence of inhibitors. As shown in Table 4, the activity ol the alkaline protease K-16 
was inhibited by diisoprqsyl ftuorophosphale (DFP), phenylmethane sulfonyl fluoride (PMSF) and 
chymostatin. Sine© these compounds a/e known as serine protease inhibitors, it is evident that the alkaline 
protease K-16 is an enzyme which has a serine residue In its active ceoier. 
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inhibitors 

No addition 
EDTA *^ 
PCMB *2 

DFP 

PMSF ** 
Antipain 
Chyinostatin 



TABLE 4 
concentration 

5 niM 
1 nM 
1 mM 
1 jnM 
0.01% 
0.01% 



Residual 
Activity 
(%) 

100 

107 

100 
3.8 
1.5 

108 
34 



^ Notes t ♦!! EDTA; ethylenediajninetetraacetic acid 

*2i PCMB; p-chloromercuxibenzoic acid 
*3! DFP; diisopropyl f luorophosphate 

30 

*4; PMSF; phenylmethanesulfonyl fluoride 
(11) Effects of surface active agents: 

35 

A 5.6 X 10"^ P.U. portion oi an enzyme solulion was added to 5 ml of 0.1 M Tris-HCi buffer (pH 9,0, 
contains 1 0% ethanol) In which a predetermined amount of a surface active agent has been dissolved, and 
the mixture was maintained at 40 " C for 4 hours. Thereatier, the thus treated mixture was diluted with 50 
mM boric aciCf-NaOH bulfer (pH 10.0) by a tactor oi 20 to measure residual activity which was then 
40 calculated as relative value based on the activity measured at 0 hour of the treatment. The results are 
Shown in Table 6. As is ©vident from the results, the allcsline protease K-1S is highly Stable in the presence 
01 various surface active agents even at their high concentrations <1 to 10%). 



so 
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TABLE 5 



qommfercial Enzyme 



Surface act.ive agents fConc.i. K-^^ ""{^T T*) 

Straight chain sodium ao 

alkylbenzene sulfonate *^ (1%) 65 48 46 

Sodium poiyoxyethylene alkyl 

sulfate {1%) 1*^0 

Sodium dodecyl sulfate (10%) 58 0 48 

Sodium a-olefin sulfonate ** „^ 

(1%) 100 82 61 



Sodium alkane sulfonate *' 
(10%) 

a-sulfo-fatty acid ester ** 
(1%) 

Softanol 7 OH (Nippon ShoKubal 
Kagaku Kogyo Co., Ltd.) * (1%) 



100 

iOO 



23 
86 
84 



Notes: 

R-CHjO(C2H4O)„S0jNa (Rt C, - Ci,? n - 1 - 5) 

*'i R-CHiOSOjNa (R: C, - C17, but mainly Cu) 

**: R-CH=CH{CHj),S03Na (R: C, - Ci,; n « 0.1 - 5) 



R-CH~R' 
I 

SOjNa 

R-CH-COCR' 

I 

SOjNa 



(R + R': Ci3 - Ck) 



(R: Cio - Cij; R' : Cj - C*) 



*7: R-CKjO{C2H,0)^H (R: C, - C,7; n = 5 - IS) 



(1) An aqueous solution containing 5% of the crude alkaline protease K-iB preparation obtained in 
Reference Example 1, 0.2% of calcium chloride and 2.5% 0I sodium sulfate was used as an enzyme 
solution in this experiment. Sample Nos, 1 to 4 w«re prepared by adding 0,5 to 5.0% of lactose to the 
enzyme solution. 

(2) The thus prepared Samples Nos. 1 to 4 and a conhrol sample (no addition of lactose) vrere subjected 
to spray drying using an atomizer type spray dryer (hot air temperature: 150'C: exhaust air temperature: 
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60* C) 10 obtain solid enzyme preparations m Ihe torm of granuls. 

(31 Enzyme activities before and after the spray drying were measured to calcuiate activity yield of the 
enzyme. The results shown in Table 6. 

TABLE 6 



6% Enzyme Solyllon (Lactose Concentration) 


Enzyme Activity 
Yield (%) 


Corttroi 


83 


Sample 1 (0.5 %) 


90 


Sample 8 (1.0 ti.) 


96 


Swnpte 3 (2.5 %) 


96 


Sample 4 (5,0 %} 


95 



As is evident from the results shown in Table B, the alkaline protease K-16 was not deactivated by 
spray drying when lactose was added to tt» enzyme solution. 

EXAMPLE 2 

Granular solid enzyme preparations were prepared and ttielr enzyme activity yields were measured by 
repeating the procedure of Example 1 except that the exhaust air temperature viss varied within range 
of Irom 60 to 70 * C. The results are shown in Table 7. 

^ TABLE 7 



5 % Enzyme solution (Lactose Conceniration] 


Enzyme Activity Yield 


60-C (%) 


65-C (%) 


70-0 (%) 


Control 


83 


79 


70 


Sample 1 (0.5%) 


96 


99 


96 


Sample 2(1 .0%) 


94 


95 


95 



As is evident Irom the results shown in Table 7. the alkaline protease K-16 was not deactivated by 
spray drying, even under severe drying conditions, when lactose was added to the enzyme solution. 

EXAMPLE 3 

The granula- solid enzyme preparations obtained in Example 1 were maintained for 1 hour under a 
heating condition of OT*C and residual activities in me resulting preparaiiors were measured to evaluate 
their thermal stabilities. The results are shown in Table a 

TABLE 8 



5% Er.zyme soiution (Ladose Conoentration) 


Residual Activity {%) 


Control 


84 


Sample 1 (0.5%) 


95 


Sample 2 (I.Of i) 


96 


Sample 3 (2.5%) 


96 


Sample 4 (5.0%) 


97 



As is evident Irom the results shown in Table 6, the enzyme preparation obtained by the process of the 
present invention has excellent thermal staoiiity tn its solid form. 

While the invention has been described in detail and with relerwce to specific examples thereof, it will 
be apparent to one sitilled in the art that various changes and modifications can be made therein wlhout 
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aaparling from the spirit and scope iliereof 

Claims 

5 1r A SOlifl enzyme preparation comprising an enzyme and s sjlsacclicirivle. 

2. A solid enzyme preparation of claim 1 , wherein said disaccharide is a compound selected from maltose 
type disaccharides and trelialose type disaccharides. 

to 3. A solid eniyme preparation of cfafm 2. where/n sai'd maftose iyp© disaccharide is tactose. 

A. A solid eniyme prepwation of claim 1 or 2. wherein eald dieaccharide ie present in an amount of from 

1 to 1 00 % by w&ight based on the weight of said snayme. 

IS 5. A solid snxyme preparation of claim 1 or 2, wherein said disaccharide is present ifi an amount of from 
10 to 100% by weight based on the weight ot said enzyme. 

6. A solid enzyme prBparafion of ciaim 3. wherein lactose is present in an amount of from 1 to 100% by 
weiohJ iased on the weipht of said enzyme. 

20 

7. A solid enzyme preparation of claim 3, wherein lactose is present in an amount of from 10 to iOO% by 
weight based on the weight of said enzyme. 

8. A solid enzyme preparstion of claim 1, wherein said enzyme is an enzyme selected from the group 
25 consisting of a lipase, a celluiase, g proteose, an p-mylase. an ijEterase and a de><tranese. 

9. A solid enzyme CM-eparation of ciaim 8, wherein said enzyme is a celiulase, a protease or a mixture of a 
celluiase and a protease. 

M 10. A solid enzyme nreparation Of Claim 8 or 9, M»herein said enzyme is an atkaRne protease K-16. 

11. A solid enzyme preparation of any of claims 1, 8 and 8, wherein said enzyme is present In an amount 
of from O.Oi to 20 % by weight in said solid enzyme preparation. 

35 12. A solid enzyme preparation of claim 10, wherein said alkaline protease K-16 is present in an amount of 
from 0.01 to 20% by weight in said solid en;yme preparation. 

13, A process for producing a solid enzyme preparation vi^ich comprises solidifying an aqueous enzyme 
solution containing a disaccharide by spray drying. 

li. A process of claim 13. wherein said dlsacch»ide is a compound selected from maltose type 
disaccharides and trehalose type disaccharides. 

15. A process of claim 14. wherein said maltose type disaccharide is lactose. 

16. A process of any of claim 13 cm- 14, wherein said disaccharide is present in an amount of from 1 lo 100 
% by weight based on the weight od said enryme. 

17. A process of claim 16. wherein said disaccharide is present in an amount of from 10 to lOO % by 
so weight based on the weight ot said enzyme in said aqueous enzyrr.e solution. 

18. A process of ctalm 16, wherein said lactnee is presnnt in 8n amount of from 1 to 10G% by weight 
based on the weight of said enzyme. 

55 19. A process of claim 18, wherein said lactose is present in an amount of from 10 to 100% by weigW 
based on the weight Of said enzyme. 

20. A process of Claim IB. wherein said spray drying is carried out at a temperature of SO' C or more. 



12 



EP 0 601 37S A1 



21. A process of claim 18, wherein saW spray drying is carried ou! using a hot air ol 100 to 200' C. 

22. k. process of claim 1S, wherein said 5p»^ay drying is carried out using a hot air of 130 to 170*C. 

6 23, A process of claim is, wherein said enzyme is an enzyme setecsed from the group consisting ot a 
lipase, a cellulase, a protease, an amylase, an esterase aixi an dextranase. 

24. A process of claim 22, wherein said enzyme is a cellulase, a protease or a mixture of a celiuiase and a 

protease. 

25, A process of claim 18 or 23, wherein said enzyme is an alkaline protease K-16. 
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